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PURPOSE 

'cwtm  (mhnrw 

For  many  years*  the  "workhorse"  among  electronic  components 
has  been  the  general  purpose  carbon  composition  resistor.  The 
quality,  reliability,  and  stability  of  this  component  has  been 
improving  for  many,  many  years;  this  has  been  reflected  in  the 
increasing  tightness  of  the  requirements  for  its  performance,  as 
spoiled  out  in  subsequent  revisions  of  its  applicable  specification, 
MIL-R-ll,  The  resistor  is  inexpensive,  is  readily  available,  and 
its  application  reasonably  well  understood  by  circuit  designers. 

With  ihe  ever  increasing  complexity  of  military  electronic  equipments, 
and  with  the  increasing  demands  for  products  that  perform  under 
higher  environmental  stresses,  an  increasing  need  is  developing 
for  a  component  with  performance  characteristics  superior  to  the 
familiar  composition  resistor.  In  recognition  of  this  fact, 
International  Resistance  Company  has  carried  on  development  work 
on  two  new  resistive  systems.  One  of  these  was  based  on  con¬ 
ductive  ceramic  in  bulk  form;  the  other  makes  use  of  a  class  of 
resistive  materials  known  as  glazes  or  cermets,  utilized  in  the 
form  of  a  film  or  coating  on  a  substrate. 

These  two  units  were  evaluated  as  general  purpose  resistors 
meeting  the  stated  needs.  The  evaluation  indicated  that  a  resistor 
combining  the  glaze  resistive  film  with  the  assembly  methods  of 
the  bulk  unit  had  an  excellent  chance  of  meeting  these  requirements. 
Such  a  resistor  has  been  developed.  It  is  intended  that  it  be  evaluated 
against  the  specified  needs  and  that  further  development  work  be  done 
as  required  to  assure  the  availability  of  such  a  unit. 
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MIL-R-11  70  ®C  load  life  teat*  have  bees  completed  to  1000  hours  on  the 
100Q  group.  The  completed  results,  on  all  pertinent  resistance  values, 
demonstrates  conformance  to  the  MIL-R-11  requirements.  The  contract 
requirements  of  5% maximum  resistance  change  on  the  Mil  moisture 
resistance  and  Resistance-Temperature  characteristic  of  less  than  SOOppm/ 
*C  have  also  been  met. 

The  moisture  load  mtfrix  has  been  completed  through  2000  hours  on  the 
lOOQ  and  100  HB  groups.  These  results  definitely  indicate  smaller  resistance 
changes  with  increasing  load,  especially  in  the  100KR  group. 

The  temperature  load  matrix  tests  have  completed  2000  hours  on  the  10 OO 
group  and  3000  hours  on  the  100HB  group,  the  10Q,  1KB,  10KB,  and 
39HB  groups  have  completed  6000  hours  of  testing.  The  present  calculated 
failure  rate,  which  includes  the  two  early  (50  hours  of  test)  failures 
on  die  100  KB  group,  is  0.10%(  1000  hours  at  a  confidence  level  of  60%. 
on  units  tested  at  85  *C  ambient  with  1/4  watt  load.  The  calculated  failure 
rate  without  the  two  early  failures  is  no  more  than  0.03%/ 1000  hours  at 
a  confidence  level  of  60%.  The  average  resistance  change  for  the  100B 
and  100KB  groups  after  2000  hours  at  85  *C  ambient  with  1/4  watt  load  is 
leas  than  0.1%;  and  less  than  0.4%  on  the  lOB,  1KB,  10  KB,  and  39KB  groups. 


BACKGROUND 


The  Rv  resistor  consisted  of  a  completely  inorganic  volume  resistive 
element  with  metallized  termination  and  a  molded  jacket.  It  was  fabricated 
in  resistance  values  from  2. 70  to  30,  000  ft  in  the  form  factor  of  the 
RC-07  style  of  MIL-R-11E.  The  resistor  demonstrated  excessive  resistance 
changes  when  subjected  to  high  humidity  and  D.  C,  load  and  was  not  capable 
of  meeting  the  required  .05%/*C  resistance-temperature  characteristic. 
Equipment  capable  of  low  coat  production  of  this  unit  was  designed. 

The  107  resistor  utilizes  a  metal  glaze  fired  on  a  ceramic  substrate. 

Silver  terminations  are  fired  on  to  the  ends,  a  ground  helix  in  the  metal 
glaze  is  used  to  determine  resistance  value  and  cap  leads  are  pressed 
on  the  ends  of  the  body.  A  Riled  modified  silicone  coating  material  is 
used  to  provide  electrical  insulation  and  mechanical  protection.  The  use 
of  cap  leads  and  (to  a  lesser  extent)  precious  metal  glaze,  coupled  with 
repeated  price  reductions  in  the  composition  resistor  market,  have  made 
it  impossible  for  this  resistor  to  be  considered  as  being  in  the  same 
price  range  as  the  MILrR-lle  composition  resistors.  In  addition,  the 
general  construction,  and  particularly  the  use  of  cap  leads ,  makes  any 
substantial  size  reduction  in  this  unit  (as  specified  in  the  Technical 
Guidelines)  for  lower  power  use  extremely  unlikely. 

Because  of  the  specific  problems  encountered  in  the  Rv  and  L07  units 
a  third  approach  termed  the  Rg  has  been  implemented.  This  consists  of 
a  metal  glaze  fired  on  a  ceramic  substrate  and  toleranced  by  helixing  as 
in  the  LD 7  process.  The  termination  and  molded  jacket  are  those  used 
on  the  Rv.  The  low  cost  processes  and  automated  equipment  of  the  Rv 
are  used  throughout  the  Rg  process  with  the  exceotion  of  the  glaze  application 
firing  and  helixing  steps  which  utilize  automated  L07  type' equfpmdht.’ 

This  approach  is  expected  to  result  in  a  resistor  with  the  excellent 
performance  of  the  LO 7  combined  with  the  price  and  size  reduction  potential 
of  the  Rv. 
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FACTUAL  DATA 


1.  Temperature  Load  Matrix 

The  current  failure  rate  curve  la  shown  in  Figure  I.  As  can  be  seen,  no 
faihires  have  occurred  since  the  last  report  indicating  a  failure  rate  of  not 
more  than  0.1%/ 1000  houre  at  a  confidence  lsvel  of  60%.  As  stated  before 
tests  were  run  to  determine  the  possibility  of  the  two  failures  reported 
in  Report  #9  were  mechanical  failures.  The  failure  rate  without  these  two 
failure*  is  shown  or.  the  curve  with  a  broken  line.  This  curve  indicates  a 
failure  rate  of  no  more  than  0.03%/  1000  hours  at  a  confidence  level  of  60%. 

Up  to  6000  test  hours  have  now  elapsed  for  the  resistance  values  (10O,  1KR, 

10 KB,  k  39KB  )  2000  hours  for  100B  and  3000  hours  for  100KD  in  the 
temperature  load  matrix.  An  up-to-date  summary  of  test  results  are 
shown  in  Tables  I  and  II. 

It  was  originally  planned  that  21  of  the  30  cells  in  the  load  life  matrix 
wouid  run  for  only  ?.000  hours  and  that  the  balance  would  be  run  for  the  full 
10,  000  hours.  The  resistance  changes  and  the  incidence  of  failure  after 

2,  000  hours  under  stresses  as  high  as  150  *C,  3/4  watt,  were  so  small 
as  to  prevent  derivation  of  a  mathematical  model  of  Rg  performance.  For 
this  reason  all  cells  were  continued  to  the  5000  hour  point.  This  has  been 
reached  for  the  10O,  IK,  10K  and  39K  groups  and  these  have  been  removed. 
Failures  in  these  groups  will  be  analyzed  in  an  effort  to  determine  failure 
mode . 

Work  has  started  on  the  development  of  a  degradation  model  for  resistance 
values,  1KB  k  10KB  .  A  computer  program  was  written  to  retrieve  teat 
data  from  a  history  tape  and  perform  a  linear  regression  of  %£  R  vs.  time 
for  each  block  of  the  teat  matrix  .  The  program  has  been  run  successfully 
and  up  to  the  writing  of  this  report,  the  slopes,  (rate  of  resistance  change 
with  respect  to  time)  were  being  evaluated  graphically  for  possible  fit  to 
the  Arrhenius  or  Eyring  rate  of  reaction  models.  If  the  graphical  analysis 
yields  reasonably  good  results,  the  data  will  be  evaluated  more  accurately 
with  a  least  square  multiple  regression  program.  The  only  thing  that  can 
be  reported  at  this  time  for  resistance  values,  1KB,  k  lOMB  is  that  % 
resistances  for  practically  every  stress  condition  has  a  highly  significant  linear 
relationship  with  time.  More  detailed  results  should  be  available  for  the  next 
quarterly  report. 
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Frequency  plots  of  %  £  R  readings  at  indicated  1000  hour  intervals  for 
85  *C  1/4  watt  stress  conditions  are  shown  in  Figures  2  through  9,  The 
100B  k  100KB  values,  Figures  10  through  14  show  very  tight  normal 
distributions  and  low  average  resistance  changes.  Resistance  values, 

10B,  10 KB  k  39KB  have  a  few  outliers,  low  average  resistance  changes 
and  no  failures,  {greater  than  5.0%).  The  100KB  value  also  has  a  number 
of  outliers  with  two  of  them  being  failures.  At  1000  hours,  one  resistor 
read  -12.65%  and  at  2000  hour*!  another  resistor  read  -5.35%.  At  3000 
hours  the  -12.65%  resistor  recovered  to  -0.47%  .  These  two  failures  were 
discussed  under  the  failure  ra:e  progress  section  of  the  last  Quarterly 
Report. 

For  an  explanation  of  an  interpretation  of  the  values  under  calculations/ 
summary  shown  on  each  plot,  refer  to  the  previous  Quarterly  Report. 

A  total  of  2,  580  resistors  are  included  in  the  portion  of  the  temperature 
load  matrix  which  does  not  represent  an  overload  to  a  rating  of  1/4  watt 
at  85  *C.  Of  these  resistors,  six  have  exhibited  resistance  changes 
greater  than  5%and  can  therefore  be  considered  performance  failures. 

Of  the  six  failures,  four  were  early  failures  which  occurred  during  the 
first  100  hours  of  load.  The  remaining  two  occurred  under  no  load 
conditions.  Experience  on  other  resistors  under  high  reliability 
specifications  (such  as  MIL-  R- 55182)  indicates  that  a  burn  in  under  load 
conditions  is  necessary  to  eliminate  early  failures.  Thus  resistors  subject 
to  the  early  failure  mode  may  ultimately  fail  under  no  load  conditions,  but 
are  not  particularly  likely  to  fail  early  in  the  test.  In  this  context,  the 
fact  that  the  incidence  of  failure  in  the  no  load  cells  (2/900)  is  the  same 
ay  the  incidence  of  early  failure  (4/1860)  in  the  load  cells,  suggests  that 
the  same  weakness  is  involved  in  both. 

The  history  gathered  on  the  Rg  1/4  watt  with  reference  to  the  STOL  (short 
time  overload)  screen  vs.  the  test  data  indicated  that  "sporty*1  test  rejects 
could  be  eliminated  by  screening  the  units  with  an  overload  prior  to  testing. 
The  standard  MIL-R-1IE  STOL  test  was  instituted  as  a  production  operation 
with  good  results.  From  time  to  time,  as  in  the  contract  data,  lot  samples 
on  test  wou,J  yield  "sporty**  failures  which  could  be  traced  to  improper 
screening.  These  incidents  were  few,  however.  An  initial  evaluation  was 
set  up  to  again  prove  that  the  failures  shown  on  the  contract  could  be 
traced  to  possible  Insufficient  screening.  If  this  can  be  demonstrated,  it 
would  be  possible  to  eliminate  these  early  failures  as  process  failures  not 
a  normal  failure  rate  problem. 
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A  lot  of  standard  low  metal  content  100K  Rg  rods  was  processed  through 
molding  as  per  standard  procedures  except  for  STOL,  These  units  were  split 
into  two  groups.  One  group  received  the  no  STOL*  and  one  STOL  one  at  a 
time  with  readings  before  and  after  STOL.  Units  which  changed  more  than 
2.  5% were  eliminated  from  the  screened  groups.  It  should  be  noted  that  there 
were  (13)  thirteen  such  rejects. 

All  units  were  placed  on  85 *C  1/4  watt  load  life  for  48  hours.  The  results 
of  the  load  life  £  R*  s  were  plotted  and  are  shown  of  Figure  #  15  attached. 

As  can  be  seen  from  these  plots,  the  No  STOL  group  has  more  "sports" 
than  does  the  STC.  group.  In  order  to  determine  the  significance  of  these 
two  plots  the  data  was  given  further  analysis  as  below. 

Figures  #16  and  #17  show  the  cumulative  frequencies  of  the  two  distributions 
as  plotted  on  Weibull  Probability  paper.  Constants  were  added  to  the 
individual  &  R1  s  in  order  to  m  ke  all  results  positive.  The  reason  for 
these  plots  is  to  find  the  cut-off  point  for  the  outliers  or  "sports".  Had 
these  been  single  distributions,  the  lines  would  be  straight.  The  break-off 
points  from  the  plots  indicated  (12)  twelve  "sports"  for  the  No  STOL  group, 
against  (3)  for  the  STOL  group.  The  probability  of  obtaining  12/230  vs. 

3/300  in  two  samples  that  were  known  to  have  been  randomly  selected  from 
the  same  population  wa?  calculated  using  the  following  formula: 


p  =  A-  B-  R»  (n-rh 

a'.  b'.  (A-a)'.  (B-b)'.  N'. 

Where  A  =  Sample  size  of  1st  sample  =  230 
B  ='  "  "  "  2nd  sample  -  300 

a  =  No.  of  outliers  in  1st  dampie  -  12 
fe  =  "  "  "  "  2nd  sample  =  3 

N  =  A  +  B  =  530 
'.  -  Factorial 

R  =  a  +  b  =  Total  of  outliers 

The  results  of  these  calculations  shows  a  low  probability  (on  the  order  of  .03) 
below  the  .05  significance  level  that  the  two  samples  are  not  significantly  different. 
Therefore,  it  can  be  said  that  the  two  distributions  are  significantly  different  . 

It  can  therefore  be  assumed  that  protrer  screening  will  reduce  early  failures 
and  for  this  reason  failure  rate  calculations  will  continue  to  be  made  with  and 
without  early  failures. 
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A  screen  teai  evaluation  will  be  conducted  using  510Q  and  I50K  resistor# 
and  the  following  screening  conditions: 

1.  Control  (no  screening) 

2.  2  1/2  times  rated  voltage  for  5  seconds 

3.  3  i/2  times  rat^sd  voltage  for  5  seconds 

4.  2  1/2  times  rated  voltage  for  60  seconds 

5.  1/2  vfc.it  afc  ?C"C  lot  8  hours 

The  resistors  which  remain  v.  .:Mn  ±2%  of  their  original  resistance  value 
will  be  submitted  to  1/4  watt  load  for  96  hours  at  8  5®C.  Resistance  readings 
will  be  made  after  1.  2,  3,  4.  8,  24,  48  and  96  hours . 

IL  Step-Stress  Test  Matrix 

The  step-stress  program  as  outlined  in  the  last  report  has  been  completed. 
However,  the  data  has  not  as  yet  been  completely  analysed.  There  is.  however, 
data  completed  on  the  temperature  rise  measurements.  This  is  discussed 
below. 
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III.  Temper atu?  Rise  Measurements 

As  is  well  kn  wn,  a  current  flowing  through  a  resistor  will  generate  a 
iemperatui.e  rise  in  the  resistor  and  create  a  hot- spot.  This  temperature 
rise  is  a  function  of  such  things  as  the  diameter  and  length  of  the  resistor 
oody,  length  and  diameter  of  leads,  dissipated  power,  ambient  temperature, 
heat  transfer  and  heat  conduction  coefficients.  For  the  Rg  resistor  a 
mathematical  expression  of  temperature  rise  as  a  function  of  power  dissipation 
and  load  was  developed  from  measurements  taken  on  (2)' resistors  each 
from  resistance  values  (10(2,  100(2,  IKS2 ,  10102,  39KB  and  100102)  under  loads 
(1/8,  XI 4,  3/8,  1/2,  5/8,  3/4,  *nd  1  watt)  and  ambient  temperatures  (70  *C, 

100  *C,  !2j*C,  and  150  *C).  These  temperature  rise  { £  T),  measurements 
are  listed  in  Figures  #13  through  #21. 

Using  graphical  means,  an  expression  of  die  following  form  was  obtained. 


£  T  -  L  (85  -  0.18  T) 
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Where 

£  T  «  Temperature  Rise  in  *C 
L  -  load  £o  Watts 
T  “  Ambient  Temperature  in  *C 


A  plot  of  temperature  rise  curves  for  the  various  ambients  are  shown  in 
Figure  #22. 


Dissipation  constants-  (D)„  in  terms  of  milliwatts  per  degree  C  a  measure 
of  the  power  required  to  raise  the  resistor  temperature  1®C  can  be  calculated 
from  «he  following  derived  equation  (3). 


£  T 


On  aufaadtutinj  EQ  (1)  in  (2)  and  multiplying  by  1000  to  obtain  mw/  “C, 
it  follows. 


D  =  1  x  1000 

85  -  0.18T 


(3) 


Dissipation  constants  for  each  ambient  are  listed  below: 


Ambient 


Dissipation  Constant  jmw/*C) 


70  “C 
100  «C 
125  *C 
150  *C 


13.81 

14.92 

16.00 

17.24 


The  difference  in  dissipation  constants  for  the  different  ambients  Is  attributed 
to  a  dependence  of  the  heat  transfer  coefficients  between  the  resistor,  atsd  its 
environment  upon  the  ambient  temperature. 


IV,  Physics  of  Resistance  Change 

The  mechanism  of  resistance  change  for  the  Rg  resistor  under  thermal  stress 
was  explained  in  apreviou'*  report  as  due  to  a  combination  annealing  and 
oxidation  process.  The  initial  negative  drifts  observed  for  different  temperature 
load  ,st# eases  was  attributed  an  annealing  process.  The  shift  from  negative 
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to  pojitiva  s'eiboiacs  dusfei  va>  attributed  to  sn  osidalioa  mechsoism. 
fyeaumsably  of  the  motal  particles  in  the  gins®. 

To  substantiate  the  annealing  and  oxidstiois  mechanisms.  She  following 
experiment  was  performed: 

(a) ,  (60)  10 KQ  resistors  were  randomly  selected  from  a 

homogeneous  lot  and  divided  into  two  randomly  selected 
groups, 

(b)  .  One  group  was  placed  with  no  load  in  an  air  atmosphere 

oven  set  at  175*C.  The  other  group  was  placed  with  no 
load  in  an  oven  set  at  175°C  wherein  argon  was  slowly 
forced  through. 

(c)  .  Resistance  measurements  were  taken  at  selected  intervals 

and  recorded. 

(d)  .  After  the  end  of  2000  hours,  the  resistors  in  argon  were 

transferred  to  die  oven  with  the  air  atmosphere. 

The  results  from  the  experiment  are  now  complete  and  indirectly  support 
the  proposed  mechanism  for  resistance  change.  Shown  in  Figures  #23 
and  #24  are  distribution  plots  of  %£  R*  s  for  fixe  two  groups.  The  grcup 
in  air  shows  a  negative  drift  followed  by  a  positive  drift  to  an  average  £  R 
of  +  1. 37% after  2000  hours.  The  group  in  argon  shows  a  gradual  negative 
drift  to  -l.  58% after  2000  hours.  These  results  are  interpreted  as  follows: 

The  units  in  argon  underwent  an  annealing  process  only  since 
they  were  not  exposed  to  oxygen  from  die  air,  whereas  the  resistors 
in  air  underwent  both  an  annealing  and  oxidation  process. 

After  being  placed  in  air,  the  resistors  initially  in  argon  started  to  drift 
positive  to  an  average  of  +0. 93% after  1800  hours  as  plotted  in  Figure  #24. 
This  again  indicates  an  oxidation  process  taking  place.  The  oxidation  process 
as  compared  to  annealing  appears  to  be  influenced  more  by  production 
variations  of  glaze  thickness,  firing  conditions,  substrate  differences  and 
etc.  This  is  evidenced  by  the  larger  %£  R  dispersions  shown  by  the  resistors 
while  in  air. 

The  same  experiment  is  being  replicated  using  1KB  resistors.  The  data 
collected  so  far  indicates  a  similar  pattern  taking  place. 
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V.  MILrR-ll  Tatis 

The  M5I.-R-11  data  summary  Fiprea  #25  and  #  26  1*  nsw  completed  on  tits 
six  pertinent  resistance  values.  The  additional  data  to  be  reported  ia  the 
completion  of  1000  hoars  of  70  *C  Load  life  testa  on  the  10881  group  which 
shows  a  maximum  change  of  -0.28%.  Completion  of  the  MI  L-R-li  E  testing 
has  demonstrated  the  capability  of  the  Rg*l/4  resistor  over  the  resistance 
range  values  from  100  to  100KS.  The  Rg-1/4  has  also  snccessfolly  demonstrated 
its  capability  to  he  well  within  the  requirements  of  0.05%/ °C  temperature 
characteristic  and  *5%  nuadnm  resistance  change  on  moisture  resistance 
and  load  life  test,  as  outlined  in  the  Technical  Guidelines. 


VI.  Moisture  Load  Matrix  Tests 

The  moisture  load  matrix  test  is  run  at  98%  -  100%  relative  humidity  at 
55  *C  at  no  load  and  with  loads  of  1/20  watt.  1/8  watt,  and  1/4  watt,  con¬ 
tinuously  applied.  The  test  is  intended  to  identify  any  conditions  of  moisture 
load  stress  which  induce  excessive  resistance  changes. 

The  moisture  -  load  matrix  has  completed  2(000  hours  cm  the  100(2  and 
100 HQ  groups.  A  summary  of  the  data  is  included  in  Figures  #27  through 
#32. 

The  following  is  a  discussion  of  the  results  for  the  100Q  and  100  KQ  groups. 

A  resistance  change  of  over  10%  has  been  defined  as  a  failure  for  this  matrix. 

1.  Ho  Load 

100Q  group:  No  failures,  maximum  change  ±2.63% 

100 K  group:  7  failures,  maximum  change  -16,49% 

2.  1/20  Watt  Loan 

10 OQ  group:  No  failure#.,.  maximum  change  +0. 29% 

lOSilB-gtotsp*,  No  failures,  maximum  change  +6.82% 

3.  1/8  Watt  Load 

1C 0Q  group:  No  failures,  maximum  ehauge  0.14% 

100 HQ  group:  No  failures,  maximum  chanye  0.9!% 
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10 QQ  group:  No  failures,  maximum  change  +0.77% 
100 KD  group;  No  failures,  maximum  change  +0.82% 


The  moisture  *  no  load  block  of  this  matrix  has  been  identified  for  these 
resistance  values  as  for  those  previously  tested,  to  be  the  most  severe 
condition.  The  failures  resulting  from  these  tests  will  be  analysed  in  an 
attempt  to  identify  the  mechanism  of  failure.  However,  a  test  condition 
of  98  -  100%  R.H.  at  75*C  as  used  in  the  accelerated  moisture  tests 
may  be  more  useful  for  an  accelerated  test  of  moisture  resistance  capability. 

VII.  Experimental  Activities 

The  resistors  from  the  original  runs,  made  to  achieve  improved  temperature 
coefficient,  were  submitted  for  full  MIL-R-11  tests.  The  results  of  these 
tests  are  summarised  in  Figure  #33.  The  2S0Q  resistors  were  from  the  high 
metal  content  glaze;  1.  5 K  from  medium  metal  content  glase  and  100 KR  from 
low  metal  content  glaze.  A  complete  conformance  to  MIL-R-11  is 
demonstrated  by  this  data.  In  addition,  the  temperature  coefficient  are  all 
within  200  ppm  and  the  moisture  resistance  and  load  life  resistance  changer 
are  well  within  the  5%  maximum  contract  requirements. 

The  temperature  coefficient  results  on  the  repeatability  runs  are  plotted 
on  Figure  #34. 


cowcmwoHS 


The  Rg  -  1/4  watt  hag  demonstrated  a  complete  conformance  to  the 
requirements  of  MIL-R"11  E.  In  addition,  this  resistor  has  met  the 
specific  requirements  of;  resistance-temperature  characteristic  (less 
than  0 .05%/  *C),  moisture  resistance  and  load  life  (less  than  5%fc,  as 
outlined  in  the  Technical  Guidelines . 

The  calculated  failure  rate,  on  resistors  tested  at  85  *C  1/4  watt  load. 

0.1%/  1000  hours  could  be  reduced  to  0.03%/  1000  hours  by  elimination 
of  early  failures.  Early  failures  (within  the  first  100  hours  after  application 
of  voltage)  are  the  only  type  which  have  been  observed  in  the  16  load 
cells  (out  of  25)  in  the  matrix,  which  do  not  constitute  severe  overloads. 

In  these  cells  (Limited  by  the  conditions  25  *C  at  3/4  wai,  70  *C  at  1/2 
watt.  85®C  at  1/2  watt,  125 'C  at  1/4  watt  and  150  *C  at  1/8  watt)  seven 
early  failures  have  been  observed  during  accumulation  of  13,  000,  000 
unit  hours.  Tighter  controls  on  the  production  screen  testing  (STOL) 
indicate  these  early  failures  may  be  eliminated. 

The  excellent  results  in  the  1/4  watt  at  125 *C  load  block  of  the  temperature 
load  matrix,  demonstrate  the  capability  of  the  Rg-1/4  resistor  to  operate 
at  ambients  in  excess  of  85*C. 
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PROGRAM  FOR  NEXT  QUARTER 


1.  Continue  failure  rate  curve  for  groups  tested  at  85*C  ambient 
with  1/4  watt  load. 

2.  Analysis  of  data  from  the  step" stress  test  program,  which  consisted 
of  applying  loads  in  1/8  watt  steps  from  1/8  watt  to  1  watt  at  70  *C.  100  #C, 
125 *C,  and  150  *C  will  be  initiated. 

3.  Continue  performing  preliminary  regression  of  R  vs.  time  for 
the  85  *C  1/4  watt  block  of  temperature  load  matrix. 

4.  Continue  mechanism  of  failure  experiment  on  1KO  resistors,  com¬ 
paring  performance  in  argon  vs.  ai:*  atmosphere. 

5.  Continue  screen  test  evaluations. 


PERSONNEL 


Department 

Hoars 

Rg  Assembly 

182.5 

R&D  /  Engineering 

1425.0 

J.  Brzeczek 

155.  5 

M.  Dixon 

244.5 

J.  Forman 

173.5 

W.  Hawk 

266.  5 

Jr\  Lowensbei'n 

82.  5 

C.  Mabie 

22.  5 

S.  Mattie 

132.0 

J.  Saboe 

67.5 

N.  Thelin 

37.5 

J.  Troendle 

228.0 

R.  Vander  Harr 

15.0 

Environmental  Test  Laboratory 


TOTAL  22  58.8 


The  above  represents  time  spent  on  the  contract  during  the 
period  1  August  1965  through  31  October  1965. 
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APPENDIX 


Table  I  (30  pages) 

Temperature  Load  Matrix  Summary 
(Original  Submission) 

Table  II  (35  pages) 

Temperature  Load  Matrix  Summary 
(Resubmitted  100Q  and  10GKQ) 

Figure  1 

Failure  Rate  Curve 

Figures  2  through  14 

Frequency  Distribution  -  1/4  Watt  85 *C 
Load  life 

Figure  15 

Load  life  £  R  -  STOL  Screen  Test 

Figures  16  and  17 

Cumulative  Frequencies  Distribution  - 
Screen  Test  vs.  Load  life 

Figures  18  through  21 

Temperature  Rise  vs.  Load  in  Various 
Ambients 

Figure  22 

Temperature  Rise  Curves 

Figures  23  and  24 

Frequency  Distributions  -  Annealing  vs. 
Oxidation  Experiment 

Figures  25  and  26 

MIL-R-il-E  Data  Summary 

Figures  27  through  32 

Moisture  Load  Matrix  Sximmary 

Figure  33 

MIL-R-11  Performance  Summary 
Improved  T  C  Runs' 

Figure  34 

Temperature  Coefficient  Repeatability 
Runs 
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18  ABSTRACT 

MIL-R-11  70°C  load  life  tests  have  been  completed  to  1000  hours  on  the  100A 
group.  The  completed  results,  on  all  pertinent  resistance  values,  demonstrates 
conformance  to  the  MIL-R-11  requirements.  The  contract  requirements  of  5$  maximum 
resistance  change  on  the  Mil  moisture  resistance  and  Resistance-Temperature 
characteristic  of  less  than  500ppm/oC  have  also  been  met. 

The  moisture  load  matrix  has  been  completed  through  2000  hours  on  the  100 /L 
and  100K/L  groups.  These,  results  definitely  indicate  smaller  resistance  changes 
with  increasing  load,  especially  in  the  100K./1  group. 

The  temperature  load  matrix  tests  have  completed  2000  hours  on  the  100  JZ. 
group  and  3000  hours  ca  the  100KJ1  group.  The  10 A,  IK 51,  lOKil,  and  39KJ1  groups 
have  completed  6000  hours  of  testing.  The  present  calculated  failure  rate,  which 
includes  the  two  early  (50  hours  of  test)  failtires  on  the  10QK./1  group,  is  0.10%/ 
1000  hours  at  a  confidence  level  of  60$  on  units  tested  at  05°C  ambient  with  1/4 
watt  load.  The  calculated  failure  rate  without  the  two  early  failures  is  no  more 
than  0.03^/1000  hours  at  a  confidence  level  of  60$,  The  average  resistance  change 
for  the  100-A.  and  100K/L.  groups  after  2000  hours  at  85°C  ambient  with  1/4  watt 
load  is  less  than  0.1$;  and  less  than  0,4$  on  the  10JI,  IK  A,  1QKJI,  and  39KA 
groups. 
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